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Description 

MRI MAGNET DEVICE WITH AX I ALLY ADJUSTABLE ROSE SHIM RING 



(1) Technical field 

The present invention relates to a method of adjusting the 
static magnetic field in the magnetic resonance imaging (MRI) 
device or Nuclear Magnetic Resonance (NMR) device and a sta- 
tic magnetic field generating apparatus that could generate 
higher field strength. The principle of the present invention 
will be illustrated by taking a C-type magnet in the magnetic 
resonance imaging equipment as an example, but the present 
invention is not only applicable to magnetic resonance mag- 
net, but also to nuclear magnetic resonance magnet and other 
devices using electro -magnet to generate uniform static mag- 
netic field and the shape of the magnet is also not limited 
to the exemplified C-type. 

(2) Background Art 

In the early days when the permanent magnet is used in magne- 
tic resonance imaging equipment for commercial use, the field 
strength of the permanent magnet was usually lower than 
0.25T. In the 1990' s, magnetic resonance imaging equipment 
for commercial use that employ permanent magnet appeared with 
field strength of 0.3T and the performance thereof was bet- 
ter, the cost was reasonable and the structure was compact. 
The greater the field strength is, the higher the signal-to- 
noise ratio is, and better the quality of the image generated 
by the permanent magnet magnetic resonance equipment . In 
recent years, the field strength of some of the permanent 
magnets could even reach 0.35T-0.4T. 
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At present, some problems exist in the manufacturing of 
magnet with higher field strength, they are: 
I . Permanent magnets having a field strength greater than 
0.3T and with high homogeneous magnetic field in the 
scanning area are expensive, large in volume and heavy 
in weight (heavier than 17 tons) and need a large area 
for installation, thus these defects limited its appli- 
cation in the magnetic resonance equipment. 
II. Since a uniform strong magnetic field is to be genera- 
ted, the size of the pole plates are usually large, thus 
the open angle between the two pole plates will inevita- 
bly be limited and this is a problem for patients of 
claustrophobia . 
III. The magnet needs shimming or repairing during its 
15 installation and use, or re- shimming is required when 

service and thus the gradient coil and transmitting coil 
have to be removed, which is time-consuming and expen- 
sive. 

IV. Due to manufacturing tolerances, magnets of the same 

2 0 design may have different field strength, thus volume 

production of the same RF coils and the systems become 
very difficult and thereby the costs for the correspon- 
ding system of the whole magnetic resonance equipment 
increase . 

25 

With respect to the above problems, the following methods are 
usually employed: 

I . In order to increase the field strength and improve the 
uniformity thereof, the method generally adopted is to 

3 0 increase the volume and size of both the permanent mag- 

net and the pole plate, which will increase the cost as 
well as the volume and weight of the magnet. 
II. The uniformity of the magnetic field is improved by 
employing a Rose ring but when the field strength is 
35 over 0.3T, the magnetic field uniformity of the perma- 

nent magne^ere-ed— fcnr--irfae-Tnag i ietic resonance of the whole 
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human body becomes worse and single Rose ring cannot en- 
sure the uniformity of the field strength. 
III. Permanent magnets that could reduce magnetic flux leak- 
age are employed to compensate for the field strength 
leakage in the external edge of the pole plate but said 
method increases the size of the external edge of the 
magnet pole plate and reduces the open angle between the 
pole plates, and meanwhile, it requires complicated 
manufacturing process and hence increases the cost. 
IV. Field strength adjusting and fine adjusting structures 
are employed, but these mechanisms are complex in de- 
signs and expensive . 

Moreover, the effects achieved by all these methods in the 
prior art are still not satisfactory. 

(3) Contents of the invention 

Therefore, the method and apparatus in the present invention 
adopts the following measures to overcome the technical 
defects existing in the prior art. 

I. Employing another adjusting shimming ring (the second 
type of Rose ring) without increasing the size of the 
pole plate to improve the uniformity of the magnetic 
field while not reducing the open angle between the pole 
plates. Meanwhile, said additional shimming ring (the 
second type of Rose ring) has a variable distance with 
respect to the first type of Rose ring so as to change 
the magnetic path and adjust the uniformity of the mag- 
netic field. 

II. Distribute permanent magnetic materials having different 
magnetic energy levels in special manners so as to im- 
prove the uniformity of the magnetic field and reduce 
the cost . 

III. Three methods are employed in the present invention to 
adjust the magnetic field strength and shimming. One is 
adjusting and shimming the static magnetic field by fine 
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adjusting magnetic conducting bars or permanent magnetic 
bars installed on the external edge of the pole plate 
for example of the C-type magnet, so as to compensate 
for the inhomogeneous magnetic field caused by toleran- 
ces of magnet manufacturing and assembling; another is 
providing a magnetic conducting or permanent magnet bolt 
adjusting mechanism on the shimming Rose ring, and the 
magnetic path is changed by adjusting the position of 
the bolt so as to adjust the magnetic .field; the other 
method is changing the magnetic path by changing the 
position of the second type of shimming ring with res- 
pect to the first type of Rose ring as mentioned in 
method one, and thereby to adjust the magnetic field. 
The joint application of said three methods will achieve 
a large range of adjustment and is easy in operation. 
Hence, the inhomogeneity caused by the tolerances of 
manufacturing and assembling is compensated and the 
field strength of the permanent magnet is made uniform. 



20 Further, the method and apparatus of the present invention 
use the above-mentioned two or three methods jointly to 
achieve better shimming effect . 

In the prior art, the Rose shimming ring (5) is provided at 
25 the external edges on the horizontal plane of the pole plates 
of both the upper and lower poles, but the shimming effect 
achieved by a single pair of shimming rings is not 
satisfactory. Due to the characteristics of the structure of 
the permanent magnet, the magnetic field strength at the edge 
of the pole plate is relatively weak, which is especially 
serious when the field strength is over 0.3T, thus single 
shimming ring cannot fully compensate the inhomogeneity of 
the magnetic field. The present invention improves the design 
and fixing manner of the gradient coil and the transmitting 
35 coil. Taking the upper pole plate shimming ring as an 

example, an additional shimming ring (the second type of Rose 
ring) (6) with adjustable distance to the shimming ring (5) is 
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employed at the external edge of the lower end of the first 
shimming ring (5) to change the uniformity of the magnetic 
field and a corresponding shimming adjusting mechanism is 
provided. Similarly, the second type of shimming ring (6) 
5 whose distance with to the first shimming Rose ring (5) is 
adjustable is also employed at the corresponding position oj 
the lower pole plate. 



With respect to the defects in the prior art, the present 

10 invention provides a static magnetic field generating appa- 
ratus in the magnetic resonance equipment; it comprises per- 
manent magnetic source (1) , C-type yoke or a multi-posts sup- 
porting structure that constitutes the magnetic path. The 
measured body is positioned in the space between the two 

15 opposite end faces of the permanent magnetic source (1) , 

wherein the said two opposite end faces are mirror symmetri- 
cal by the virtual plane between the two faces; Pole plates 
(2) are placed on each of the opposite end faces. The struc- 
ture is symmetrical with respect to the virtual middle plane 

20 but for the illustration purpose, take the upper half for 
example, pole pieces (4) are employed beneath the afore- 
mentioned pole plate, a gradient coil is employed beneath 
pole piece (4), an RF transmitting coil (8) is employed be- 
neath gradient coil (7) , a first shimming ring (5) is 

25 employed outside the gradient coil (7) ; each pair of the pole 
plates (2) , pole pieces (4) , gradient coils (7) , RF transmit- 
ting coils (8) and the first shimming rings (5) are substan- 
tially mirror symmetrical with respect to the virtual plane 
between the two opposite end faces. An additional second 

30 shimming ring (6) is employed on the external edge of the 

each of the first shimming rings (5) , and the second shimming 
ring (6) is symmetrical to the above virtual plane, to uni- 
form the static magnetic field in the space of the measured 
body 



35 



According to the static magnetic field generating apparatus 
of the present invention, the outer faces of the additional 
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upper and lower shimming rings (6) which are facing the 
measured body are essentially not projecting higher than the 
outer plane of the RF transmitting coils to keep the openness 
of the magnet - 

Another solution for the static magnetic field generating 
apparatus of the present invention is that said magnetic 
source is composed of a plural groups of permanent magnetic 
columns of different magnetic energy levels, the distribution 
of magnetic energy level of columns can be axial ly symmetric 
with respect to the central axis through the pole center but 
perpendicular to the pole plane. The distribution of energy 
level of columns can also be symmetric with respect to one or 
more axis in the pole plane through the center point of the 
pole, for example, the left and right halves, and the front 
and back halves are symmetrical . 

According to the static magnetic field generating apparatus 
of the present invention, wherein the permanent magnetic 
source is arranged in rings according to the magnetic energy 
levels. The number of rings could be two, three or more. For 
example, when three rings are arranged, said permanent magne- 
tic source is divided into three ring areas according to the 
magnetic energy levels, wherein the magnetic energy level of 
the external ring area is N3, the magnetic energy level of 
the middle ring area is N2, and the magnetic energy level of 
the inner ring area is Nl, and N3>N>N1. 

Another solution of the static magnetic field generating 
apparatus of the present invention is providing a plurality 
of magnetic conducting bolts or permanent magnetic bolts (11) 
symmetrically with respect to axes in the pole plane. Those 
adjusting bolts are mounted on one or a plurality of the 
parts of the pole plate (2) , the permanent magnetic source 
(1) , the first shimming ring (5) and the second shimming ring 
(6) , so that the field strength of the static magnetic field 
is precisely adjusted. 
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In the prior art, the field strength at the edge of the mag- 
net is usually lower than that at the center. Therefore, as a 
measure in the prior art, adding a first shimming ring (5) to 
5 the outer side of the gradient coil will increase the field 
strength at the edge. However, the inventor of the present 
application found that only using a first shimming ring (5) 
will not achieve satisfactory effect. Hence, as a part of the 
present invention, a second adjustable shimming ring (6) is 

10 added to the side of the first shimming ring (5) that faces 
the measured, body and to the outer side of the gradient coil 
(7) , and the fixing relation between the gradient coil and 
the transmitting coil is adjusted. For the volume production 
of the system, the manufacturing tolerances need to be con- 

15 sidered. 

According to the above-mentioned principle of the present 
invention, a shimming ring of different shape could be de- 
signed to replace the first shimming ring (5) and the second 
20 shimming ring (6) . 

In another aspect, in order to achieve shimming of higher 
homogeneity, the magnetic field profile has to be re-designed 
when designing the magnetic source assemblies of different 
25 magnetic energy levels. In this process, the factors that 

influence the field strength of the magnetic field should be 
considered, for example, manufacturing precision, deviation 
of the assembling position and even minor corner damage of 
the magnetic columns in the assembling process. 

30 

As a part of the present invention, for the adjusting bolts 
of ferro-magnetic or permanent magnetic material, screw 
threads could be made on many parts of the magnetic field 
generating apparatus, and the bolts are made by magnetic 
35 materials same to or different from the materials of said 
parts. Matching between the screw threads and the bolts is 
very important, because if they are too tight, a strong force 
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has to be applied to the screw rod during adjustment and thus 
causing deformation or even break of the bolts, but if they 
are in too loose contact, due to the vibration caused by the 
pulse magnetic force, the field strength will be made un- 
5 stable and thus causing irregular changes of field strength. 

According to the situations of the manufacturing, said addi- 
tional shimming ring (6) , permanent magnetic source (l) of 
different magnetic energy levels and adjusting bolts (11) of 

10 magnetic material of the present invention could be applied 
jointly. For instance, the shimming effect could be achieved 
by using a second shimming ring (6) in combination with per- 
manent magnetic columns (1) of different magnetic energy le- 
vels, or by using the second shimming ring (6) in combination 

15 with fine adjustment by magnetic conducting bolts or perma- 
nent magnetic bolts (11) . Meanwhile, the shimming effect 
could also be achieved by adopting permanent magnetic columns 
(1) of different magnetic energy levels to form magnetic 
field profile while combining the method of fine adjustment 

20 by magnetic bolts (11) . 



Or else, the shimming effect could also be achieved by adop- 
ting the second shimming ring (6) , the magnetic source com- 
posed of permanent magnetic columns (1) of different magnetic 
25 energy levels and the fine adjustment by magnetic conducting 
bolts or permanent magnetic bolts (11) at the same time. 

The present invention also discloses a method of adjusting 
the static magnetic field in magnetic resonance equipment, 

30 said magnetic resonance equipment comprises permanent mag- 
netic source (1) , C-type yoke or a multi-posts supporting 
structure that constitutes the magnetic path; the measured 
body is positioned in the space between the two opposite end 
faces of the permanent magnetic columns (1) , wherein the said 

35 two opposite end faces are mirror symmetrical by the virtual 
plane between the two faces; Pole plates (2) are placed along 
the direction of the measured body on each of the opposite 
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end faces; the structure is symmetrical with respect to the 
virtual middle plane but for the illustration purpose, take 
the upper half for example, pole pieces (4) are employed 
beneath the aforementioned pole plate, a gradient coil (7) is 
5 employed beneath pole piece (4), an RF transmitting coil (8) 
is employed beneath gradient coil (7) , a first shimming ring 
(5) is employed outside the gradient coil (7) / each pair of 
the pole plates (2) , pole pieces (4) , gradient coils (7) , RF 
transmitting coils (8) and the first shimming rings (5) are 

10 substantially mirror symmetrical with respect to the virtual 
plane between the two opposite end faces, characterized in 
that: an additional second shimming ring (6) is employed on 
the external edge of the each of the first shimming rings 
(5) , and the second shimming ring (6) is symmetrical to the 

15 above virtual plane, to uniform the static magnetic field in 
the space of the measured body; further, the permanent mag- 
netic field source is composed of a plural groups of perma- 
nent magnetic columns of different magnetic energy levels, 
so that the magnetic energy level of the permanent magnetic 

2 0 columns further from the center of the pole plate is higher 
than that of the permanent magnetic columns nearer from the 
center of the pole plate, and thereby to improve the unifor- 
mity of the magnetic field; and more further, on the basis of 
the above-mentioned "method, a plurality of magnetic conducing 

25 bolts or permanent magnetic bolts (11) are employed symme- 
trically along the end face axis of the permanent magnetic 
column (1) on the pole plate (2), the permanent magnetic 
column (1) , the first shimming ring (5) and the second shim- 
ming ring (6) , and by adjusting the positions of the said 

30 magnetic inducing bolts or permanent magnetic bolts (11) , the 
field strength of the static magnetic field is adjusted. 

Moreover, another method of adjusting the static magnetic 
field in MR equipment, said magnetic resonance equipment com- 
35 prises permanent magnetic source (1) , C-type yoke or a multi- 
posts supporting structure that constitutes the magnetic 
path. The measured body is positioned in the space between 
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the two opposite end faces of the permanent magnetic source 
(1) , wherein the said two opposite end faces are mirror sym- 
metrical to the virtual plane between the two faces; Pole 
plates (2) are placed on each of the opposite end faces; The 
structure is symmetrical with respect to the virtual middle 
plane; For the illustration purpose, take the upper half for 
example, pole pieces (4) are employed beneath the afore men- 
tioned pole plate, a gradient coil is employed beneath pole 
piece (4) , an RF transmitting coil (8) is employed beneath 
gradient coil (7) , a first shimming ring (5) is employed out- 
side the gradient coil (7) ; each pair of the pole plates (2), 
pole pieces (4) , gradient coils (7) , RF transmitting coils 
(8) and the first shimming rings (5) are substantially mirror 
symmetrical with respect to the virtual plane between the two 
opposite end faces; characterized in that : the permanent 
magnetic source (1) is composed of a plural groups of perma- 
nent magnetic columns of different magnetic energy levels, so 
that the magnetic energy level of the permanent magnetic 
columns further from the center of the pole plate is higher 
than that of the permanent magnetic columns close to the cen- 
ter of the pole plate, and thereby to improve the uniformity 
of the magnetic field, and meanwhile, a plurality of magnetic 
conducing bolts or permanent magnetic bolts (11) are employed 
symmetrically along the end face axis of the permanent magne- 
tic source (1) on one or a plurality of parts in the said 
pole plate (2) , permanent magnetic source (1) , first shimming 
ring (5) and the second shimming ring (6) , and by adjusting 
the positions of the said magnetic conducing bolts or perma- 
nent magnetic bolts (11) , the field strength of the static 
magnetic field is precisely adjusted. 

(4) Description of figures 

The five figures of embodiments of the present invention 
further illustrate the principle of the present invention, 
wherein : 
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Fig. 1 shows the shimming rings on the upper and lower poles 
of the C-type magnet; 

Fig. 2 shows the enlarged drawing of the part marked in a 
circle in Fig. 1; 

Fig. 3 shows the method of adjusting field strength by using 
a plurality of magnetic conducting or permanent magnetic 

bolts; 

Figs. 4 and 5 show the method of making the magnetic field 
more uniform by making different areas of the magnetic field 
to have different magnetic energy levels. 

Fig. 1 shows the shimming rings of the upper and lower poles 
of the C-type. magnet. In Fig. l, component 9 is the press 
plate, component 10 is the magnetic field generating source, 
which comprises the permanent magnetic columns (1) . A plura- 
lity of magnetic conducting or permanent magnetic bolts (11) 
which could move up and down are shown in the external edge 
of the magnetic field source in Fig. 1 so as to achieve the 
above-mentioned effect. 

Fig. 2 is the enlarged drawing of the part marked in a circle 
in Fig. l, wherein component 1 is the permanent magnetic 
source, component 2 is the pole plate, component 3 is the 
pole plate after cutting processing, component 4 is the pole 
plate, component 5 is the first shimming ring, component 6 is 
the second shimming ring with an adjusting means, component 7 
is the gradient coil and component 8 is the RF emitting coil. 
It can be seen from Fig. 2 that a new shimming ring (6) is 
added in addition to the original shimming ring (5) . In Fig. 
2, the outer diameter of the upper shimming ring (5) is the 
same as that of the lower shimming ring (6) . The inner 
diameter of shimming ring (6) is larger than that of the 
shimming ring (5) , so that space that is smaller than the 
inner diameter of shimming ring (6) and under the shimming 
ring (5) could be used for fixing the gradient coil. The 
lower end face of the shimming ring (6) is not lower than the 
lower plane of the transmitting coil. Similarly, the two 
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shimming rings of the lower pole plate are located at the 
position that is corresponding to the position in the upper 
plate, and such design will not reduce the distances between 
the upper and lower pole plates as well as between the two 
5 shimming rings, i.e., the openness will not be affected. In 
Fig. 2, two dark black arrows that show movement horizontally 
and vertically respectively are used to indicate the shimming 
ring (6) and the bolts mounted on the first shimming ring (5) 
and the second shimming ring (6) can be adjusted in two 
10 directions. 

Careful consideration on the size and position of the second 
shimming ring (6) will help to improve the magnetic field 
distribution at the edge and enhance the adjusting effect of 
15 the shimming, and meanwhile, the open space between the upper 
and lower poles will not be affected. 

Fig. 4 shows another method of changing the uniformity of the 
field strength. Generally, in permanent magnet with field 

20 strength over 0.3T, the field strength at the edge of the 

pole plate thereof is weaker than that at the center of the 
pole plate. In order to make the magnetic field of the area 
between the two pole plates more uniform, the present inven- 
tion puts forward a method of dividing the magnetic field 

25 generating source into several areas and magnets at different 
areas have different magnetic energy levels. As an example 
shown in Fig. 4, the several circular- shape or ring-shape 
areas on the pole plate of the present invention that are 
centered at the axis of the pole plate are made to have dif- 

3 0 ferent magnetic energy levels, wherein the magnetic energy 
level in the center area is Nl, the magnetic energy in the 
middle area is N2 and the magnetic energy level in the exter- 
nal area is N3 and N1<N2<N3. Also, as shown in Fig. 4, a 
plurality of magnets of different magnetic energy levels 

35 could be provided in the manner of being symmetrical along 
the vertical axis through the center of the pole plate. 
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Fig. 5 is a longitudinal section of the magnet, and the 
shadows of different gray levels indicate magnet objects of 
different magnetic energy levels, which are symmetrical along 
the center of the magnet. The magnetic energy level at the 
5 center area is lowest and magnets nearer the external edge 
have higher magnetic energy levels. Other magnetic energy 
levels combination forms could be derived on the basis of the 
principle of the present invention according to the non- 
uniform structure intentionally designed on the pole plate 

10 and the characteristics of the magnetic path. Magnetic energy 
level could be divided into a plurality of levels, and the 
ordering of the energy level is not limited to the manner of 
increase from the center to the outer edge, and adjustment 
could be made on the basis of the pole plates and the magne- 

15 tic path structures of the devices. 

In addition, as shown in Fig. 3, another method of uniforming 
the magnetic energy level of the present invention is to in- 
sert a plurality of magnetic bolts at the external edges of 

20 the pole plate and the press plate, and the uniformity of the 
field strength is adjusted by changing the magnetic path. As 
shown in Fig. 3 (and Fig. l) , these magnetic bolts could be 
arranged symmetrically. However, if the influence of the 
middle section connecting object of the C-type magnet on the 

25 field strength between the two poles or other multi-column 
plate structures are considered, these bolts could also be 
arranged in a non- symmetrical way. In the existence of tole- 
rances of manufacturing and assembling of said magnetic re- 
sonance imaging equipment, the field strength of the dia- 

30 gnosing area could be adjusted by adjusting these bolts to 
some extent. The material of the bolts could be permanent 
magnetic material or ferromagnetic material and the diameters 
of the bolts could be either the same or different, but they 
are preferably the same. The bolts should be arranged symme- 

35 trically or near symmetrically, and the number of the bolts 

should be set according to the strength of the magnetic field 
and the practical structure, and too many bolts will make the 
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adjusting difficult. It is not difficult for those ordinarily 
skilled in the art to change and adjust those bolts according 
to the specific cases to achieve the shimming effect. 

5 The operators could use one or a combination of the above- 
mentioned methods to achieve better shimming effect. 

One advantage of the apparatus and method of the present in- 
vention lies in that the magnet made by the method of the 

10 present invention could have field strength higher than 0.3T 
with higher homogeneity in the scanning area satisfying the 
requirements. Therefore, the size of the apparatus could be 
reduced and the cost will be reduced. For example, the speci- 
fications of the magnet of 0.35T manufactured according to 

15 the present invention are as follows: the weight is less than 
16 tons, the uniformity of the magnetic field in 36cm sphere 
is less than 4 0ppm; and the width of the patient gap is lar- 
ger than 41cm and the stability of the static magnetic field 
is <±20Hz/10 minutes. 

20 

Another advantage of the apparatus and method of the present 
invention is that since the apparatus could be precisely 
designed and adjusted, most shimming works could be finished 
during the processing of manufacturing and assembling of in 
25 factory and it is unnecessary to carry out passive shimming 
at site and thus saves the time for installation. 



